sUMMARY In a necropsy study, the conjoined cusps of 50 congenitally and 50 acquired bicuspid aortic -valves most commonly involved the right and left aortic cusps. In hearts with congenitally bicuspid -aortic valves, the left coronary ostium arose at or above the aortic sinotubular junction in 44 per cent, whereas the incidence for the left coronary ostium in the acquired group was 20 per cent and that -for the right coronary ostium in both groups was less than 20 per cent. In hearts with congenitally bicuspid aortic valves, the incidence of left coronary dominance (26%) was higher than in normal hearts. In hearts with apparently acquired bicuspid aortic valves, this incidence was also higher than normal, -possibly because of acquired fusion of atypical congenitally bicuspid valves in some cases. In both types of aortic valve disease, the length of the left main coronary artery was similar; this length, however, was -significantly shorter in hearts with left coronary dominance than in those with right or shared dominance.
sUMMARY In a necropsy study, the conjoined cusps of 50 congenitally and 50 acquired bicuspid aortic -valves most commonly involved the right and left aortic cusps. In hearts with congenitally bicuspid -aortic valves, the left coronary ostium arose at or above the aortic sinotubular junction in 44 per cent, whereas the incidence for the left coronary ostium in the acquired group was 20 per cent and that -for the right coronary ostium in both groups was less than 20 per cent. In hearts with congenitally bicuspid aortic valves, the incidence of left coronary dominance (26%) was higher than in normal hearts. In hearts with apparently acquired bicuspid aortic valves, this incidence was also higher than normal, -possibly because of acquired fusion of atypical congenitally bicuspid valves in some cases. In both types of aortic valve disease, the length of the left main coronary artery was similar; this length, however, was -significantly shorter in hearts with left coronary dominance than in those with right or shared dominance.
In patients with congenitally bicuspid aortic valves, the reported incidence of left coronary dominance varies greatly (25 to 57%). [1] [2] [3] [4] [5] Though not yet accurately established, this incidence is certainly higher than that in the normal population (10 to 12%).2 4 Likewise, a higher than expected incidence of short left main coronary artery has been reported in patients with either a bicuspid aortic valve, left coronary dominance, or both3 4 1 July 1980 hypothesis that a short left main coronary artery may be the result embryologically of partial incorporation of this artery into the left aortic sinus, the incidence of aortic origin of the conus coronary artery was also determined. If the proximal right coronary artery also underwent a similar embryological incorporation into the right aortic sinus, then a higher than normal incidence of aortic origin of the conus artery would be expected in those cases with a short left main coronary artery.
Subjects and methods
From the Tissue Registry of the Mayo Clinic, 50 hearts with congenitally bicuspid aortic valves were selected, as were 50 hearts with acquired bicuspid aortic valves. Valves which were so calcified and deformed so as to preclude distinction between the congenital and the acquired bicuspid state were excluded. In addition, this study does not include hearts with additional congenital anomalies, such as aortic coarctation, persistent ductus arteriosus, or ventricular septal defect.
By gross examination, bicuspid aortic valves were considered congenital if they contained a conjoined cusp and were considered acquired if they showed fusion of a true commissure.9-13 The The nature of the acquired fusion in the majority of cases was rheumatic, as determined by the gross appearance of the aortic valve and by concomitant rheumatic mitral valvular disease. In some cases, however, the aortic valves appeared to be involved by either degenerative or non-rheumatic inflammatory processes; frequently, in these cases, the mitral valve was either normal or involved by nonrheumatic disease (for example floppy mitral valve).
The right and left coronary ostia were evaluated with respect to their distance from the sinotubular junction ( this junction precluded this measurement in six right and nine left coronary ostia in both the congenital group and the acquired group. In addition, the conus coronary artery was evaluated with respect to its aortic or right coronary arterial origin; because of previous dissection, this determination was not possible in five cases from the congenital group.
Coronary arterial dominance was determined after careful dissection of the major epicardial arteries at the crux of the heart. (The crux is a cross-shaped region along the inferior cardiac surface representing the intersection of the atrioventricular sulcus with the interatrial and the inferior interventricular sulci.) If the right coronary artery crossed the crux and gave rise to the posterior descending branch, then right coronary dominance pertained; if the circumflex coronary artery, then left coronary dominance was defined; and if both the right and circumflex arteries gave rise to posterior descending branches (usually of similar size), then shared dominance or so-called balanced circulation was present.1-3 14 The length of the left main coronary artery was measured from the outer aortic wall to the site of bifurcation into anterior descending and circumflex branches (Fig. 1B) . In 14 instances of trifurcation (10 in the congenital group and four in the acquired group), the site of division into anterior descending and circumflex branches was estimated (Fig. 1G ).
Results
In both groups, there were 41 men and nine women. In the congenital group the age range was 15 to 86 years (mean 60), and in the acquired group In patients with either congenitally bicuspid or acquired bicuspid valves, the right and left aortic cusps were most commonly conjoined (72% and 66%, respectively) ( Fig. 2 and Table) . This non-random distribution was highly significant (p < 0001; X2 test) within each group but was not significant between groups.
In hearts with congenitally bicuspid aortic valves, the left coronary ostium arose at or above the sinotubular junction in 44 per cent (Fig. 3) (Fig. 4) . In hearts with congenitally bicuspid aortic valves, the length of the left main coronary artery averaged 9-3 mm (range, 0 to 24 mm). This length was not significantly different from that in hearts with acquired bicuspid aortic valves (mean, 10-3 mm; range, 0 to 25 mm). In the congenital group, the length of the left main coronary artery in 13 cases with left coronary dominance (mean, 6-3 mm) was significantly shorter (p < 0-015; Student's t test) than in the remaining 37 cases with right or shared dominance (mean, 10-3 mm). Similarly, in the acquired group, the eight cases with left coronary dominance had shorter left main coronary arteries (mean, 7*5 mm) than the remaining 42 cases ( 16 In the present study, coronary distribution was assessed in necropsy specimens from 100 patients with bicuspid aortic valves. Some variations in coronary distribution depended on the aetiology of the aortic valve disease (congenital versus acquired), while other variations depended upon coronary arterial dominance (left versus right or shared), regardless of the underlying aetiology of the bicuspid aortic valve.
BICUSPID AORTIC VALVE
In both congenitally bicuspid and acquired bicuspid aortic valves, the common cusp usually involved the right and left cusps (72% and 66%, respectively) ( Fig. 2 and Table) . The reason for this non-random distribution is unclear. Perhaps the shape of the left ventricular outflow tract causes more haemodynamic stress or trauma to the commissure between right and left cusps than to other regions of the aortic valve. A developmental defect may, in part, also dictate the location of the conjoined cusp in the congenital group. In the acquired group, the possibility exists that acquired disease may affect a congenitally bicuspid aortic valve17-20; this topic will be further discussed later.
CALCIFICATION OF AORTIC VALVE
The general finding of less calcification of congenitally bicuspid valves in the younger age group supports the assumption that the vast majority of congenitally bicuspid aortic valves function normally at birth and become stenotic with age, as calcification appears and becomes progressively more In both groups, the conus coronary artery arose from the right aortic sinus in approximately onethird of cases and from the proximal right coronary artery in the remaining two-thirds. This is similar to the incidence of aortic origin of the conus artery reported by others (23 to 50%).21-23 Our initial hypothesis was that a short or absent left main coronary artery probably resulted embryologically from partial or complete incorporation of the left main artery into the aortic sinus. If such were the case, then we expected there to be a similar incorporation of the proximal right coronary artery into the right aortic sinus, thereby resulting in a higher than anticipated incidence of aortic origin of the conus artery. Such was not the case.
In fact, the incidence of aortic origin of the conus artery in patients with short left main artery was 33 per cent (as expected) and in patients with left coronary dominance was 15 per cent (less than expected). Therefore, the embryological factors that influence aortic origin of the conus coronary artery appear to be independent of those that affect length of the left main coronary artery and coronary arterial dominance. In normal hearts, the left main coronary artery is approximately 10 mm in length.7 8 Not only in normal hearts, however," but also in cases of aortic stenosis3 and in cases of congenitally bicuspid aortic valves,4 the left main coronary has been reported to be significantly shorter in patients with left coronary dominance than in those with right dominance. In the present study (both groups combined), the length of the left main coronary artery was substantially less in cases with left coronary dominance (6-8 mm) than in those with right or shared dominance (10-6 mm 
